Gaze direction and especially direct gaze is a powerful nonverbal cue that plays an important role in social interactions. Here we studied the neural mechanisms underlying the privileged access of direct gaze to visual awareness. We performed functional magnetic resonance imaging in healthy human volunteers who were exposed to faces with direct or averted gaze under continuous flash suppression, thereby manipulating their awareness of the faces. A gaze processing network comprising fusiform face area (FFA), superior temporal sulcus, amygdala, and intraparietal sulcus showed overall reduced neural responses when participants reported to be unaware of the faces. Interestingly, direct gaze elicited greater responses than averted gaze when participants were aware of the faces, but smaller responses when they were unaware. Additional between-subject correlation and single-trial analyses indicated that this pattern of results was due to a modulation of the relationship between neural responses and awareness by gaze direction: with increasing neural activation in the FFA, direct-gaze faces entered awareness more readily than averted-gaze faces. These findings suggest that for direct gaze, lower levels of neural activity are sufficient to give rise to awareness than for averted gaze, thus providing a neural basis for privileged access of direct gaze to awareness.
Introduction
From everyday experience, we know that other people's eye gaze is an important nonverbal cue in social interactions. The direction of eye-gaze is pivotal to any social interaction by contributing information about another's intentions and focus of interest (Kleinke, 1986; Emery, 2000) . The paramount importance of eyegaze processing for social functioning is highlighted by the fact that sensitivity to eye-gaze information is altered in psychiatric disorders that are characterized by impairments in social interaction, such as autism or social phobia (Horley et al., 2003; Senju et al., 2005) .
Direct gaze is a social cue of particularly high relevance, as it often represents the first step in social interactions, indicating either approach or avoidance behavior. It is also thought to be a form of social reward, activating central reward systems more strongly than an averted gaze (Kampe et al., 2001 ). The high priority we give specifically to direct gaze is substantiated by a large body of research and is referred to as the "eye contact effect" (Senju and Johnson, 2009 ). Direct gaze facilitates a variety of high-level cognitive functions, such as face recognition and memory (Mason et al., 2004) , gender discrimination (Macrae et al., 2002) , and decision making in social contexts (Snyder et al., 1974; Kleinke and Singer, 1979) . There is also evidence for directgaze effects on lower-level sensory processes, such as involuntary capture and cuing of attention (von Grünau and Anston, 1995; Senju and Hasegawa, 2005; Conty et al., 2006) . Notably, humans' sensitivity to gaze information is not restricted to situations in which others' faces are clearly visible. For instance, attention is influenced by the direction of eye gaze even when faces are presented subliminally (Sato et al., 2007; Rothkirch et al., 2015) . Importantly, it has repeatedly been shown that direct gaze rendered invisible by interocular suppression gains access to awareness faster than averted gaze (Stein et al., 2011; Chen and Yeh, 2012) , suggesting that the human brain is attuned to the fast and efficient detection of direct gaze.
The neural processing of eye gaze direction involves a specialized system that comprises occipitotemporal lobe regions like the fusiform face area (FFA), superior temporal sulcus (STS), and the amygdala, as well as the intraparietal sulcus (IPS; Haxby et al., 2002; Nummenmaa and Calder, 2009) . Recent studies using functional magnetic resonance imaging (fMRI) and electroencephalography (EEG) have shown differential neural responses to eye-gaze directions even in the absence of awareness (Burra et al., 2013; Yokoyama et al., 2013) . Although there is thus evidence for neural gaze processing with and without awareness, the neural mechanisms underlying the prioritized access of direct gaze to awareness are still unknown. Due to the central role that eye gaze and especially direct gaze plays in nonverbal social communication, insights into the neural basis of its privileged access to awareness are an important prerequisite for a more comprehensive understanding of the processes that govern human social interactions.
Here, we performed an fMRI study using an interocular suppression technique, continuous flash suppression (CFS; Tsuchiya and Koch, 2005) , to manipulate participants' awareness of visual face stimuli. CFS has proven to be a useful method to investigate the potency of visual stimuli to gain access to awareness (Gayet et al., 2014; Stein and Sterzer, 2014) . We therefore used CFS to manipulate awareness in a controlled way and to measure neural responses in direct relation to the privileged access of direct gaze to visual awareness. Photographs of faces with either direct or averted gaze were presented to one eye while the other eye was concurrently presented with high-contrast dynamic mask stimuli. Participants indicated their awareness of the face stimuli after each trial. Critically, the contrast of the face stimuli was kept constant throughout the experiment, thus allowing us to determine the relationship between neural responses to direct and averted gaze, respectively, and visual awareness of the face stimuli.
Materials and Methods

Participants
Twenty-one participants volunteered for the study. The data from two participants were discarded from all analyses, one due to excessive head motion during fMRI measurements, exceeding an a priori defined motion threshold of 3 mm within a run, and the other one due to incomplete data collection as the participant aborted the experiment. Three further participants were excluded due to methodological reasons related to data analysis (see Analysis of behavioral data). The final sample consisted of 16 participants (13 females) with a mean age of 25 years (SEM: 0.74 years). All participants had normal or corrected-to-normal vision, were naive to the purpose of the study, and were paid for their participation. The study was approved by the local ethics committee and written informed consent was obtained from all participants before the experiment.
Stimuli
We used three different identities of greyscale faces with neutral expression that had also been used in previous studies investigating gaze direction (Senju and Hasegawa, 2005; Senju et al., 2005; Stein et al., 2011) . The stimuli had laterally averted heads, and the iris and pupils were shifted horizontally within the eyes to give the impression of eye gaze being either directed at the observer (when eye gaze was oriented opposite to the head direction) or averted from the observer (when eye gaze and head were oriented in the same direction; Fig. 1A) .
Thus, stimulus differences between the two gaze directions were minimized and only related to the eye region. The stimuli were cropped to oval shapes (3.6°ϫ 4.4°of visual angle) and equalized for global contrast (root mean square contrast of 0.05) and luminance. Visual stimuli were presented with MATLAB (MathWorks), using the Cogent 2000 toolbox (http://www.vislab.ucl.ac.uk/cogent.php). The visual masks used for CFS (see Design and procedure) consisted of black, white, and gray circles (sizes ranging from 0.01°to 0.97°) constituting a square of 12°(Michelson contrast: 1) and were flashed at a frequency of 10 Hz. In the fMRI scanner, the stimuli were projected via an LCD projector (ProExtra Multiverse Projector, Sanyo Electric; refresh rate 60 Hz) onto a screen of size 24.9°ϫ 18.6°. Dichoptic presentation of the stimuli was achieved using an fMRI compatible cardboard divider and a pair of prism lenses that were worn by the participants (Schurger, 2009).
Design and procedure
Before the start of the fMRI experiment, each participant's dominant eye was identified in an eye dominance test. Both the fMRI experiment and eye dominance test used CFS as an interocular suppression technique. CFS manipulates observers' awareness of visual stimuli such that stimuli can be suppressed from awareness for prolonged periods of time. It has proven to be a useful method to investigate the ability of visual stimuli to gain access to awareness (Gayet et al., 2014; Stein and Sterzer, 2014) . While one eye is presented with the stimulus of interest, the other eye is presented with high-frequency dynamic mask images. Initially, the static stimulus is suppressed from awareness by the mask stimuli; after a variable period of time the static stimulus usually overcomes suppression and is consciously perceived by the observer. Using CFS to suppress stimuli from awareness allowed us to relate our neural findings to the previously well established behavioral observations where direct gaze has been shown to overcome suppression by CFS faster than averted gaze (Stein et al., 2011; Chen and Yeh, 2012) . We could therefore establish a direct link between neural activity and access to awareness.
In the eye dominance test, the face stimuli described above (see Stimuli) were presented in one of the quadrants of a white square (5°ϫ 5°) to one eye, while simultaneously CFS masks consisting of black and white circles were flashed at a frequency of 10 Hz to the other eye. Participants were required to indicate the location of the face by button press as soon as any part of the face became visible, and to respond as fast and as accurately as possible. The presentation of the face stimuli to the two eyes was randomized across trials. Reaction times, that is, the time until participants indicated awareness of the face, were averaged for each eye separately. The eye at which the face stimuli were on average detected faster was defined as the participant's dominant eye.
In the fMRI experiment, face stimuli were presented for a fixed period of time and participants indicated their level of awareness after stimulus presentation. Each trial started with a prestimulus fixation period (jittered randomly between 2 and 4 s) during which a white frame (12°ϫ 12°) and a central blue fixation cross (0.6°ϫ 0.6°) were presented on a gray background (30 cd/m 2 ) to both eyes (Fig. 1B) . Then, a face stimulus with one of the two gaze directions was presented intermittently to the participant's nondominant eye while concurrently CFS masks consisting of black and white circles were flashed at a frequency of 10 Hz to the dominant eye. The face was presented either left or right of fixation on the horizontal meridian at an eccentricity of 3.4°. The stimulus presentation consisted of six repetitions of the following sequence. First, face and mask stimuli were presented for 800 ms. Second, mask stimuli were presented to both eyes for 200 ms. Finally, only the central fixation cross was shown along with the white frame for 500 ms. The sixth repetition of this sequence was followed by a poststimulus fixation period jittered randomly between 2 and 4 s.
Such a design of intermittent stimulus presentation has been used in previous fMRI studies Hesselmann et al., 2011) investigating the neural responses to stimuli rendered invisible using CFS. The rationale for this procedure is based on the observation that intermittent stimulus presentation stabilizes perceptual states during binocular rivalry, which forms the basis for CFS (Leopold et al., 2002; Pearson and Brascamp, 2008; Sterzer and Rees, 2008) . In other words, the aim of intermittent stimulus presentation was to minimize perceptual alterations between the face and mask stimuli and to increase the perceptual dominance of the masks. Participants were then prompted with two questions, each presented for 1.5 s, to which they responded using button presses. The first question was a spatial two-alternative forced choice (2AFC) task in which participants had to report whether the face was presented to the left or the right of the fixation cross. This was followed by a rating of their confidence in having correctly guessed the face stimulus location. The confidence rating scale was a 4-point scale with four response options (very sure, sure, unsure, and highly unsure). Confidence ratings are the most frequently used subjective measure of awareness and have been shown to provide a good reflection of participants' awareness of visual stimuli (Zehetleitner and Rausch, 2013) . They therefore allowed us to assign a level of awareness to each respective trial. Participants were thus considered to be aware or unaware of the stimulus based only on their subjective reports in confidence (Szczepanowski et al., 2013) . It is important to note that participants were explicitly instructed to report the location of the face and not anything else they thought they might have perceived. Because the stimulus conditions and mask contrasts were constant throughout the experiment, the only systematic stimulus difference between trials was the gaze direction of the face stimuli.
In addition to CFS trials, which were of primary interest for our research question, the fMRI experiment also included no-CFS trials, in which faces were presented simultaneously to both eyes without a CFS mask and were thus fully visible. Of note, the no-CFS trials were included as a control condition to verify activation in our regions-of-interest (ROIs) by the face stimuli when they were clearly visible. In the no-CFS trials, the face stimulus with either direct or averted gaze was presented once for 2 s to both eyes. All other prestimulus and poststimulus parameters with respect to fixation timings and the task were the same as in CFS trials. For both CFS and no-CFS trials, the order of side of presentation and faces' gaze directions was counterbalanced and randomized across trials for each participant.
In total, the scanning session lasted for ϳ60 min and consisted of 10 runs with 24 trials each (12 CFS trials ϩ 12 no-CFS trials). Participants were instructed to maintain fixation on the central cross throughout the task. To aid fixation, the blue fixation cross was presented throughout the whole trial in both CFS and no-CFS trials, that is, also on top of the masks in the CFS trials. Eye movements were monitored online and analyzed off-line using an MRI compatible, infrared video eye tracker with a sampling rate of 50 Hz (SMI iVIEW X MRI-LR, SensoMotoric Instruments) to ensure that participants were able to hold fixation.
After the main experiment, an additional functional localizer scan was performed to individually identify the most face-responsive voxels in the brain. The localizer consisted of 20 alternating blocks of greyscale face and house stimuli presented foveally. The duration of each block was 13.6 s, during which 12 stimuli of the same category were presented for 560 ms with an inter trial interval of 560 ms. Participants performed a one-back task on the face and house stimuli. A rest period of 9 s followed each block of stimulus presentation leading to a total duration of 7.5 min for the localizer scan sequence.
fMRI acquisition
Functional T2*-weighted MR images were acquired on a TRIO 3T scanner (Siemens) equipped with a 12-channel head coil using an echo planar imaging sequence (echo time: 25 ms, repetition time: 2.12 s, flip angle: 78°). Whole-brain coverage was obtained with 38 contiguous slices (voxel size: 3 ϫ 3 ϫ 3 mm 3 ), oriented parallel to the anterior-posterior commissure line. For the main experiment, 167 volumes were obtained in each run, which had a duration of ϳ5.9 min. Additionally T1-weighted structural images (MPRAGE, voxel size 1 ϫ 1 ϫ 1 mm 3 ) were acquired. Finally, the face localizer scan of 220 volumes was performed.
Analysis of eye tracking data
Eye tracking data of four participants could not be acquired due to calibration difficulties. For the remaining 12 participants, data were ac- Figure 1 . A, Example of stimuli depicting direct (left) and averted (right) gaze directions that were used in the experiment. The faces all had laterally averted heads and only the iris and pupils were shifted within the eyes to give the impression of either direct or averted gaze. B, A typical CFS trial (left) in the experiment where the face with either direct or averted gaze was presented six times for 800 ms to one eye, while concurrently CFS masks were presented to the other eye. In the no-CFS trials (right), the face stimulus was presented continuously for 2 s to both eyes. In both CFS and no-CFS trials, stimulus presentation was followed by a poststimulus fixation, which was jittered between 2 and 4 s. Trials concluded with a 2AFC task and a confidence rating using a four point scale. The frame with the face stimulus is enlarged and the fixation cross is white instead of blue for illustration purposes. quired in at least 7 of the 10 runs. Horizontal and vertical eye positions were collected throughout the whole experiment. Data were then analyzed based on the horizontal eye positions during the presentation of the face stimuli in both the CFS trials and no-CFS trials within a time window of 500 ms before face stimulus onset till 500 ms after offset of the face stimulus. After excluding artifacts, baseline correction, which was performed to remove inconsistencies that can arise due to the participants wearing prism lenses, was performed for each run separately. We defined the baseline as the mean of all horizontal eye positions across the run. Eye positions were then plotted for each participant and inspected visually for systematic eye movement differences between the gaze directions. To test whether the horizontal distributions of eye positions differed between gaze directions or awareness of the faces, for each participant, a Kolmogorov-Smirnov (KS) test was applied to the distribution of horizontal eye positions for the different trials (CFS/no-CFS) and gaze directions (direct/averted). Importantly, this comparison was not made on the means of all eye positions but on all data points recorded for each participant. However, as the KS test may be insensitive to subtle differences in eye movements, we additionally calculated the proportion of eye positions that landed on the stimulus region for each condition. This analysis was performed to further rule out the possibility that participants may have been biased to perform eye movements toward direct gaze, based on previous findings that direct gaze captures attention (Senju and Hasegawa, 2005; Rothkirch et al., 2015) .
To assess the strength of the evidence for the null hypothesis, as a nonsignificant t test result cannot provide unequivocal evidence in favor of the null hypothesis, we also performed a Bayes analysis (Dienes, 2011; Sterzer et al., 2014) . This gives the likelihood of the data given the null hypothesis and the likelihood of the data given the alternative hypothesis and their quotient, the Bayes factor, as an output. Bayes factors Ͻ0.33 provide substantial evidence for the null over the alternative hypothesis, whereas Bayes factors Ͼ3 can be interpreted as evidence for the alternative over the null hypothesis (Dienes, 2011) . The analysis was performed using an online Bayes calculator (http://www.lifesci.sussex.ac.uk/home/ Zoltan_Dienes/inference/bayes_factor.swf).
Analysis of behavioral data
CFS trials in which participants failed to give a response in either the spatial 2AFC task or the confidence rating were excluded from analyses (M ϭ 2.6% Ϯ 0.57% SEM). Participants' awareness of the face stimuli was determined for each trial based on their respective subjective confidence report. For the main analysis of the fMRI data, we classified trials as unaware or aware. Aware trials comprised those in which participants indicated one of the three highest confidence levels (very sure, sure, and unsure). In contrast, in trials in which participants reported the lowest level of confidence (i.e., highly unsure), they were regarded as being unaware of the face stimuli. This classification of trials allowed us to be certain that the unaware trials only consisted of those in which participants expressed a complete absence of any subjective experience of the stimulus. The aware trials, in contrast, comprised all other levels of confidence, indicating that participants had at least some form of subjective experience of the face stimuli. Participants' performance in the 2AFC task for each confidence rating was then determined to confirm that their subjective experience of the stimulus was indeed reflected in their ability to perform the task, that is, providing support for participants' ability to distinguish between graded levels of awareness.
The proportion of direct and averted gaze trials in the "aware" and "unaware" categories was computed for each participant. Three participants had to be excluded as there were an insufficient number of CFS trials (Ͻ10%) in either of the categories, aware or unaware. This resulted in a final sample of 16 participants.
fMRI data analysis fMRI data were analyzed using SPM8 (http://www.fil.ion.ucl.ac.uk/spm/ software/spm8/). Functional images from the main experiment and the face localizer were slice-time-corrected and realigned to the first image to correct for head motion. After realignment, each participant's structural T1 image was coregistered to the first functional image. Coregistered structural T1 images and functional images were then segmented and spatially normalized to MNI space. In the final step, all normalized images were spatially smoothed with an 8 mm full-width at half-maximum Gaussian kernel.
Statistical inference: neural effects of gaze direction. The fMRI data from the main experiment and the face localizer were analyzed voxelwise in the context of the general linear model (GLM) approach. In a first step, GLMs were estimated for each participant. A high-pass filter with a 128 s cutoff was used to remove low-frequency fluctuations and temporal autocorrelations were corrected with an autoregressive model of order one [AR(1) ϩ white noise]. Six regressors of interest were included in the GLM. These included two regressors for direct and averted gaze in the no-CFS trials. The remaining four regressors represented CFS trials with direct and averted gaze that were either categorized as aware or unaware based on the participants' confidence ratings. All regressors of interest were modeled as boxcar functions convolved with the canonical hemodynamic response function as implemented in SPM8. Two regressors representing the button presses of participants' responses to the 2AFC task and confidence rating were modeled as stick functions and incorporated into the GLM as regressors of no interest along with the six motion parameters produced by the realignment procedure. In addition, we ran a second model to analyze how neural responses covary with participants' level of awareness in a trialwise manner. To this end, we modeled each single trial in the CFS condition with a separate regressor. Separate regressors therefore resulted in one parameter estimate for each CFS trial. As each CFS trial was also associated with a subjective confidence rating, we could analyze the trialwise relationship between the neural responses to gaze direction and visual awareness. Furthermore, two regressors for direct and averted gaze in the no-CFS trials, two regressors for the participants' responses to the 2AFC task and confidence rating, as well as six motion parameters similar to the first model were included as regressors of no interest. Data from the face localizer run were analyzed analogously using the GLM approach in SPM8 and the two regressors of interest (faces vs houses) were modeled as boxcar functions convolved with the hemodynamic response function. Model specification and estimation was then followed by an estimation of T-contrasts of stimulus-related responses at each voxel for each regressor of interest. This was determined using multiple linear regressions and scaled to the global mean signal of each run across conditions and voxels. For the localizer, a T-contrast was used to identify voxels that responded more strongly to the presentation of faces versus houses.
Our analyses focused on brain regions that are known to be critically involved in the processing of clearly visible eye gaze, namely the FFA (George et al., 2001) , amygdala (Kawashima et al., 1999; Straube et al., 2010; Burra et al., 2013; Sauer et al., 2014) , STS (Engell and Haxby, 2007; Materna et al., 2008), and IPS (Hoffman and Haxby, 2000) . We identified the most face-responsive voxel within each ROI for each participant individually. To this end, the voxel with the peak activation in the T contrast of faces Ͼ houses in the functional face localizer scan was determined for each ROI in the two hemispheres. ROIs were defined by anatomical or publication-based probabilistic masks. For the FFA [mean peak voxel left: (x, y, z) ϭ Ϫ41, Ϫ54, Ϫ19; right: (x, y, z) ϭ 43, Ϫ53, Ϫ18] and the amygdala [mean peak voxel left: (x, y, z) ϭ Ϫ22, Ϫ4, Ϫ15; right: (x, y, z) ϭ 22, Ϫ6, Ϫ14], we used anatomical masks of the fusiform gyrus and the amygdala, respectively, provided by the WFU pickatlas (http:// fmri.wfubmc.edu/software/PickAtlas). To study the neural responses in the STS [mean peak voxel left: (x, y, z) ϭ Ϫ49, Ϫ56, 13; right: (x, y, z) ϭ 52, Ϫ54, 10] and IPS [mean peak voxel left: (x, y, z) ϭ Ϫ35, Ϫ60, 45; right: (x, y, z) ϭ 39, Ϫ53, 50], probabilistic masks for these regions were generated based on coordinates obtained from at least nine previous studies investigating facial stimuli and by fitting a 3D Gaussian model to the coordinate set (STS: Puce et al., 1998; Hoffman and Haxby, 2000; George et al., 2001; Hooker et al., 2003; Pelphrey et al., 2004 Pelphrey et al., , 2005 Mosconi et al., 2005; Schilbach et al., 2006; Engell and Haxby, 2007; Sato et al., 2008 Sato et al., , 2009 Nummenmaa et al., 2010 Nummenmaa et al., , 2012 Carlin et al., 2011; Ethofer et al., 2011; IPS: Hoffman and Haxby, 2000; Kato et al., 2001; Hooker et al., 2003; Grosbras et al., 2005; Bristow et al., 2007; Hadjikhani et al., 2008; Nummenmaa et al., 2010 Nummenmaa et al., , 2012 . We then extracted parameter estimates from the individually defined peak voxels in all our ROIs from each hemisphere for the six regressors of interest. Please note that, due to spatial smoothing, the peak voxel in each ROI represents a weighted average of all voxels within the smoothing kernel. It is also important to note that negative parameter estimates do not indicate a deactivation, but rather reduced neural signals in this voxel compared with the mean signal in this voxel across the whole time course.
For statistical inference, parameter estimates from each ROI were subjected to separate 2 ϫ 2 ϫ 2 repeated-measures ANOVA (rmANOVA) with the factors awareness (aware/unaware), hemisphere (left/right), and gaze direction (direct/averted) using the statistical software package SPSS 19. The main effects from the ANOVA were then Bonferroni-corrected for the number of ROIs (i.e., 4). Significant interaction effects were further explored with post hoc t tests that were Bonferroni-corrected for the number of comparisons (i.e., 2). p corr refers to the significance level after Bonferroni correction for multiple comparisons.
Correlational analysis between behavioral and neural responses to gaze. Behaviorally, a preferential access to awareness for direct versus averted gaze would be reflected in a smaller number of unaware direct-gaze trials than averted-gaze trials. To quantify such a preference for direct gaze for each participant, we computed a "behavioral direct-gaze index," which was defined as follows:
n a indicates the number of unaware trials containing a face with averted gaze and n d indicates the number of unaware trials containing a face with direct gaze. Positive values signify a greater sensitivity to direct gaze. At the neural level, we defined a "neural direct-gaze index" by subtracting individual BOLD contrast estimates for unaware averted-gaze faces from the contrast estimates for direct-gaze faces.
Here, increasing values indicate greater responses to direct-gaze relative to avertedgaze faces.
Trialwise analyses of neural responses to direct and averted gaze with respect to awareness. To investigate how the neural responses to gaze direction affects awareness of the face stimuli, we extracted parameter estimates from the second GLM, where each CFS trial was modeled as a separate regressor of interest. Thus, every single CFS trial was associated with a separate parameter estimate and a confidence rating. This trialwise analysis procedure therefore allowed us to relate the neural response to the participant's awareness level in a given trial. It is important to note that the major difference between this analysis and that using the first GLM (see Statistical inference: neural representation of gaze direction) is the trialwise assessment of the relationship between neural responses and awareness in the second GLM. This analysis was restricted to responses in the FFA, because neural signals in this region exhibited the most robust relation to participants' behavioral responses (see Results, Correlation analysis between behavioral and neural responses to gaze). The neural responses in the FFA were averaged across the left and right hemispheres, as no main effect of hemisphere was revealed in our main analysis (see Results, Neural responses to faces in CFS trials). The extracted parameter estimates for all CFS trials from the FFA were pooled across both gaze conditions and sorted into quartiles based on their magnitude. Because each trialwise parameter estimate was associated with a confidence rating, we could compute the average proportion of each confidence rating for direct and averted gaze for each quartile. A 2 ϫ 4 rmANOVA with the factors gaze direction (direct/averted) and quartiles were performed for the proportion of unaware trials for statistical inference.
Exploratory whole-brain analyses. In addition to the ROI analyses described above, we also performed exploratory analyses with uncorrected significance thresholds ( p Ͻ 0.001, uncorrected, cluster size 10 voxels) Figure 2 . A, Distribution of horizontal eye positions during the presentation of the face stimuli with direct and averted gaze directions during the CFS and no-CFS trials in the fMRI experiment across all participants showing that fixation was maintained throughout the task. The face stimuli were presented at an eccentricity of 3.4°. B, Performance in the 2AFC task at each confidence rating. All trials in the lowest confidence rating highly unsure were considered unaware, whereas trials belonging to the first three ratings were considered aware for all analyses. C, Percentages of trials with direct and averted gaze, respectively, that remained unaware during CFS, relative to the total number of trials. A significantly smaller number of trials with direct gaze remained unaware compared with trials containing a face with averted gaze. Error bars denote within-subject SEM (Cousineau, 2005) .
for the comparison of direct and averted gaze both in CFS trials and visible no-CFS trials.
Results
Eye-tracking data
The distribution of the horizontal eye data for the different conditions is shown in Figure 2A . A Kolmogorov-Smirnov test for the distributions of horizontal eye positions in the different conditions (direct and averted face stimuli in CFS and no-CFS trials) for each participant revealed no significant differences in eye movements (all p values Ͼ0.5). Furthermore, the average proportion of eye positions that fell on the stimulus across all subjects was not significantly different between CFS direct-gaze trials (M ϭ 4.65% Ϯ 0.33% SEM) and CFS averted-gaze trials (M ϭ 4.26% Ϯ 0.33% SEM; t (11) ϭ 0.59, p ϭ 0.57). To assess the strength of the evidence for the null hypothesis we performed a Bayes analysis on a uniform distribution varying from 0 (no mean difference between conditions) and 100% (maximum possible mean difference between conditions) to test that the mean differences between the conditions were not significantly different from each other. The analysis yielded a Bayes factor of 0.01 for the comparison between the CFS direct and averted-gaze, which can be interpreted as substantial evidence for the null hypothesis, that is, no differences in the proportions of eye movements toward direct versus averted gaze. Based on the above two analyses, we could safely conclude that participants were able to maintain central fixation equally well in all conditions.
Behavioral data
Participants' confidence ratings at the end of each trial were used as an index for their awareness of the face stimuli (Zehetleitner and Rausch, 2013) . In approximately one-half of the trials, participants chose one of the first three levels of the confidence scale, indicating at least some degree of awareness of the faces (very sure: M ϭ 12.3% Ϯ 3.5% SEM; sure: M ϭ 10.1% Ϯ 1.6% SEM; unsure: M ϭ 20.4% Ϯ 2.2% SEM). In the remaining trials (M ϭ 54.5% Ϯ 4.08% SEM), they expressed the lowest level of confidence ("highly unsure"). Based on these confidence ratings, we classified the first three confidence levels (i.e., "very sure," "sure," and "unsure") as aware trials and the last confidence level (i.e., highly unsure) as unaware trials. This classification into aware and unaware was corroborated by the 2AFC task performance for each of the four confidence categories (Fig. 2B ). An rmANOVA with the factor confidence revealed a main effect of confidence (F (3,36) ϭ 18.22, p Ͻ 0.001). Furthermore, Bonferroni-corrected post hoc t tests between the different confidence ratings showed that the performance in all three types of aware trials was significantly higher than in the unaware (highly unsure) trials (very sure: t (12) ϭ 4.27, p corr Ͻ 0.003); sure: t (12) ϭ 7.12, p corr Ͻ 0.001; unsure t (12) ϭ 5.83, p corr Ͻ 0.001). To probe whether task performance at the different levels of awareness was dependent on gaze direction, we performed a second rmANOVA including the factors gaze direction (direct/averted) and confidence. This analysis, however, showed no significant main effect of gaze or interaction effects ( p Ͼ 0.2). The main effect of confidence still remained significant (F (3,30) ϭ 69.85, p Ͻ 0.001).
Crucially, the percentage of trials that remained unaware during CFS differed between direct-gaze and averted-gaze trials (Fig.  2C) . Significantly less trials with direct gaze faces remained suppressed from awareness compared with the number of trials with averted gaze faces (t (15) ϭ Ϫ2.43, p ϭ 0.028). This finding is in line with previous behavioral findings showing preferential access to awareness for direct versus averted gaze (Stein et al., 2011; Chen and Yeh, 2012) .
Neural responses to faces in CFS trials
Next, we analyzed neural responses to face presentations in the CFS trials. Figure 3 shows the parameter estimates for the two gaze directions in aware and unaware trials that were extracted from the individual peak voxels in each ROI. For each ROI, these parameter estimates were subjected to a 2 ϫ 2 ϫ 2 rmANOVA with the factors awareness (aware/unaware), hemisphere (left/ right), and gaze direction (direct/averted). This analysis revealed highly significant main effects of awareness (FFA: F (1,15) To explore the significant interaction effects of awareness and gaze, Bonferroni-corrected post hoc t tests were computed to test for the differences between neural responses to direct versus averted gaze separately for aware and unaware trials across the left and right hemispheres. In line with the behavioral results implying a preferential processing of faces with direct gaze, we observed significantly larger neural responses to direct gaze in the FFA (t (15) ϭ 4.09, p corr ϭ 0.002) and the IPS (t (15) ϭ 2.84, p corr ϭ 0.024) when participants reported awareness of the faces. The STS showed a trend toward significance (t (15) ϭ 2.37, p corr ϭ 0.064), whereas the amygdala did not show a significant difference between direct and averted gaze (t (15) ϭ 1.78, p corr ϭ 0.18). Interestingly, and in contrast to the larger responses to direct gaze in aware trials, direct-gaze responses were significantly smaller than averted-gaze responses in the unaware trials in the amygdala (t (15) ϭ Ϫ2.52; p corr ϭ 0.048) and STS (t (15) ϭ Ϫ3.73, p corr ϭ 0.004). The FFA showed a trend toward significance after Bonferroni-correction (t (15) ϭ Ϫ2.35, p corr ϭ 0.064). There was a similar pattern in the IPS, which however, failed to reach significance (t (15) ϭ Ϫ2.04, p corr ϭ 0.12).
The significant interaction effect between awareness and gaze direction in all our ROIs, with larger neural responses to direct gaze faces when they were aware and smaller responses when they were unaware, could suggest that the regions of the gaze processing network are engaged in qualitatively different processes depending on the awareness of the critical face stimulus. Alternatively, because of their behavioral relevance, low neural responses may already be sufficient to promote awareness of faces with direct gaze, whereas in contrast, faces with averted gaze may still be suppressed from awareness at a similarly strong deployment of neural resources. To substantiate this latter notion, we next analyzed how gaze-related differences in access to awareness relate to neural responses to gaze directions in the absence of awareness.
Correlation analysis between behavioral and neural responses to gaze
We observed that: (1) participants became more readily aware of faces with direct gaze than of faces with averted gaze, and (2) faces with direct gaze elicited greater neural responses relative to faces with averted gaze, when participants were aware of the faces, and weaker responses, when they were unaware of the faces. To relate these behavioral and neural observations to each other, we tested for correlations between individual behavioral and neural directgaze indices in all our ROIs.
The behavioral direct-gaze index was defined as the difference between the number of unaware averted-gaze and direct-gaze trials divided by their sum. This index is thus a measure of the preferential access to awareness of direct versus averted gaze, where a positive behavioral index indicates a greater sensitivity toward direct gaze (that faces with direct gaze tend to reach awareness more readily than faces with an averted gaze). The neural direct-gaze index was computed as the difference in the BOLD response estimates between faces with direct and averted gaze in unaware CFS trials. Increasing neural indices therefore imply higher neural activity levels to unaware direct-gaze faces.
As there was no significant main effect of hemisphere in our analysis of neural responses to aware and unaware faces with direct gaze (see Neural responses to faces in CFS trials), correlations were performed for neural responses averaged across hemispheres. All ROIs showed strong negative correlations, but only the FFA (Fig. 4) exhibited a robust correlation that remained significant after Bonferroni correction for the number of ROIs (r ϭ Ϫ0.69, p corr ϭ 0.011). The IPS showed a trend toward significance (r ϭ Ϫ0.57, p corr ϭ 0.08). In amygdala and STS the correlations did not reach statistical significance (amygdala: r ϭ Ϫ0.52, p corr ϭ 0.15; STS: r ϭ Ϫ0.52, p corr ϭ 0.16).
The robust negative correlation between the behavioral index for direct gaze and the neural activity in the FFA shows that the individuals who had the greatest advantage for direct gaze to break into awareness, were those in whom we observed the greatest reduction of neural responses to unaware faces with direct gaze relative to unaware faces with averted gaze. This finding supports the interpretation that participants with a strong behavioral advantage for direct gaze became aware of these faces at lower neural activity levels compared to faces with an averted gaze. Accordingly, our group-level finding of relatively weaker FFA responses to unaware direct-gaze faces could reflect the fact that direct-gaze faces broke into awareness already at lower levels of FFA activity. Thus, only direct-gaze trials with relatively weak responses remained unaware, whereas direct-gaze trials with stronger responses, i.e., at the level of those in averted-gaze trials, were more likely to break interocular suppression and enter awareness. In contrast, faces with averted gaze may have required relatively more neural activity to break in to awareness, thus explaining their higher neural activity level in unaware trials.
Trialwise analysis of the relationship between neural responses and awareness
To corroborate the notion that direct-gaze faces reach awareness at lower levels of neural activity than averted-gaze faces, we further investigated the relationship between neural responses and awareness in a trialwise analysis. This analysis was performed for the FFA, where our between-subject correlation analysis had shown a significant association of neural responses and behavioral sensitivity. We estimated a second GLM where every CFS trial was modeled as a separate regressor, resulting in one beta estimate for each individual trial. All resulting beta estimates were sorted in quartiles according to their magnitude. As each parameter estimate was associated with a particular confidence rating in a given trial, we could compare the proportions of unaware direct-gaze and averted-gaze trials between quartiles. The mean proportion of each confidence rating for the two gaze directions in each quartile of the distribution of parameter estimates are depicted in Figure 5 . A 2 ϫ 4 rmANOVA for the proportion of unaware trials (trials rated with the lowest confidence, highly unsure) with the factors quartile and gaze (direct/averted) revealed a significant main effect of quartile (F (3,45) ϭ 10.10, p Ͻ 0.001) and a significant gaze-by-quartile interaction effect (F (3,45) ϭ 4.82, p ϭ 0.005). The main effect of gaze was not significant (F (1,15) ϭ 3.03, p ϭ 0.10). Bonferroni-corrected post hoc t tests (corrected for the number of tests, i.e., 4) showed that in the fourth quartile there were significantly less direct-gaze than averted-gaze trials that were unaware (t (15) ϭ Ϫ4.21, p corr ϭ 0.004). There was no difference between the proportions of unaware trials for direct and averted gaze in the other three quartiles (all p Ͼ 0.5).
In the fourth quartile, where BOLD responses to direct and averted gaze were higher than in the first quartile, but still substantially lower than the average neural responses to fully visible faces (see Neural responses to faces in the no-CFS condition), there were markedly less unaware direct-gaze trials. Thus, at relatively high levels of BOLD responses (Fig. 5, fourth quartile) , there is a greater advantage for direct gaze to access awareness compared with averted gaze (reflected by the fewer unaware trials). That is, at similar levels of BOLD responses, the probability that direct gaze reaches awareness is higher than that for averted gaze. This is in line with the result of our correlation analysis (see Correlation analysis between behavioral and neural responses to gaze) and provides further support for a gaze-dependent relationship between neural and behavioral responses. Thus, together these results suggest that faces with direct gaze require less neural activity than averted-gaze faces to overcome interocular suppression-or have a lower neural threshold for entering awareness. . The mean proportion of each confidence rating is plotted for each quartile of the sorted trialwise parameter estimates for direct and averted gaze. In the fourth quartile, significantly fewer direct-gaze trials were rated the lowest confidence indicating that direct gaze has a lower threshold to access awareness compared with averted gaze.
Whole-brain analysis
Although neural responses in the gaze processing network were the focus of our study, we additionally performed whole-brain analyses to identify other brain regions involved in awarenessdependent processing of gaze direction. Even when lowering our significance threshold to an uncorrected level ( p Ͻ 0.001, uncorrected), we neither observed any significant main effect for direct versus averted gaze nor interactions between awareness and gaze in brain regions outside our a priori ROIs. However, a significant main effect of awareness, i.e., stronger responses to aware versus unaware faces, was observed in several regions, which are listed in Table 1 .
Neural responses to faces in the no-CFS condition
Finally, we analyzed the neural responses to fully visible faces in the no-CFS condition, which we had included as a control condition to verify face-related activation in our ROIs. For this purpose, parameter estimates from the individually defined peak voxels (Fig. 6 ) were subjected to 2 ϫ 2 rmANOVAs with the factors hemisphere (left/right) and gaze direction (direct/ averted) for each ROI. This analysis yielded no main effects of gaze or interactions between gaze and hemisphere in any of the ROIs (all p corr values Ͼ0.1). However, a main effect of hemisphere was found in STS, indicating generally larger neural responses in the right hemisphere (F (1,15) ϭ 16.03, p corr ϭ 0.001).
In addition, we also performed an exploratory univariate voxelwise whole-brain analysis. This did not reveal activation differences between direct and averted gaze after FWE correction and even after using a more liberal threshold of p Ͻ 0.001 (uncorrected). We performed a further exploratory analysis for all voxels within our ROIs at an even more lenient threshold of p Ͻ 0.01 for the contrasts of direct Ͼ averted and averted Ͼ direct. At this threshold, we found differential activation in bilateral IPS [right: (x, y, z) ϭ 24, Ϫ73, 46; p uncorr ϭ 0.009; left: (x, y, z)] ϭ Ϫ24, Ϫ70, 34; p uncorr ϭ 0.006], right STS [(x, y, z) ϭ 60, Ϫ37, 13; p uncorr ϭ 0.001], and right amygdala [(x, y, z) ϭ 24, Ϫ73, 46; p uncorr ϭ 0.001] for the contrast averted Ͼ direct. The results should be interpreted with caution due to the liberal statistical threshold used, but are in line with previous studies showing the involvement of these regions in the monitoring and processing of eye gaze (Hooker et al., 2003; Pelphrey et al., 2003; Engell and Haxby, 2007; Sato et al., 2008) .
Analysis of neural responses to gaze in objectively unaware participants
To rule out the possibility that any significant main effects or interactions were caused by participants' residual awareness of the face stimuli, we repeated all our analyses in participants' who were considered to be both subjectively unaware based on their confidence ratings and objectively unaware based on their performance in the 2AFC task. When performance in the 2AFC task was significantly above chance, based on a binomial test against 50%, participants could not be considered objectively unaware of the stimuli and were excluded from this analysis. This exclusion criterion left us with a subset of 10 participants who had a mean performance of 52.75% Ϯ (1.6% SEM), which did not differ significantly from chance level of 50% (one-sample t test: t (9) ϭ 1.70, p ϭ 0.13). We further performed a Bayes analysis on a uniform distribution varying from 0 to 50% and from 50 to 100% to test that the data were neither significantly above or below chance. The analysis yielded a Bayes factor of 0.32 and 0.02 for uniform distributions above and Ͻ50%, respectively, which can be interpreted as substantial evidence for the null hypothesis, that is, no significant difference from chance level.
Still however, similar to our analyses reported above (see Neural responses to faces in CFS trials), the neural responses in CFS trials with a 2 ϫ 2 ϫ 2 rmANOVA with the factors awareness (aware/unaware), hemisphere (left/right), and gaze direction (direct/averted) revealed a significant main effect of awareness in the FFA (F (1,9) ϭ 10.37, p corr ϭ 0.04) and IPS (F (1,9) ϭ 9.95, p corr ϭ 0.048), and an interaction effect of awareness-by-gaze (F (1,9) ϭ 16.22, p corr ϭ 0.012) in the FFA. Bonferroni-corrected post hoc t tests for the interaction effect showed that neural responses to direct gaze (t (9) ϭ 3.16, p corr ϭ 0.024) were significantly larger in aware trials. Direct-gaze responses although smaller than averted-gaze responses in the unaware trials, were not significant (t (9) ϭ Ϫ2.08; p corr ϭ 0.13). In the other ROIs, we also observed a similar main effect of awareness (amygdala: F (1,9) ϭ 6.16, p corr ϭ 0.14; STS: F (1,9) ϭ 7.85, p corr ϭ 0.08) and awareness-by-gaze interaction effects (amygdala: F (1,9) ϭ 8.73, p corr ϭ 0.06; STS: F (1,9) ϭ 6.64, p corr ϭ 0.12; IPS: F (1,9) ϭ 7.82, p corr ϭ 0.08), but these effects were not robust enough to remain significant after Bonferroni correction. No other significant main effects or interactions were observed in any of the ROIs (all p Ͼ 0.1).
Next, we performed the correlation between the neural and behavioral responses to gaze in this subset of 10 participants who were objectively unaware of the stimulus. Once again, we observed a strong negative correlation in the FFA (r ϭ Ϫ0.82; p corr ϭ 0.016). Although the IPS also had a strong negative correlation, it failed to reach significance after Bonferroni correction (r ϭ Ϫ0.64; p corr ϭ 0.18). The negative correlations in the STS and amygdala were both insignificant (both r Ͻ Ϫ0.39; both p corr Ͼ 0.5).
Finally, the 2 ϫ 4 rmANOVA of the single-trial analysis using the second GLM, for the proportion of unaware trials in each quartile in the FFA revealed a main effect of quartile (F (3,27) ϭ 11.27, p Ͻ 0.001) and a nearly significant interaction effect of gaze ϫ quartile (F (3,27) ϭ 2.87, p ϭ 0.05). Post hoc t tests for the proportion of unaware direct gaze trials in the fourth quartile was significantly less than the proportion of averted gaze trials (t (9) ϭ Ϫ3.7; p corr ϭ 0.02). The proportion of unaware direct and averted gaze trials did not differ in the other quartiles (all p values Ͼ0.5). The main effect of gaze was not significant (F (1,9) ϭ 1.21, p ϭ 0.30).
Thus, these analyses based on a subset of 10 objectively and subjectively unaware participants confirm our main findings observed in the whole set of participants ruling out the possibility that discrepancies between-subjective confidence reports and task performance in some participants may have biased our findings.
Discussion
We investigated how gaze direction affects the relationship between neural responses to face stimuli and access to awareness under CFS. The FFA, STS, IPS, and amygdala, brain regions known to be involved in gaze processing, showed substantially reduced responses when participants reported to be unaware of the stimuli, consistent with previous findings (for review, see Sterzer et al., 2014) . Interestingly, greater neural responses to direct versus averted gaze were observed when participants indicated awareness of the stimuli, whereas responses to unaware direct gaze faces were smaller. This pattern was found to be due to a modulation of the relationship between neural responses and awareness by gaze direction: with increasing neural activation in the FFA, faces with direct gaze entered awareness more readily than faces with averted gaze. Our finding of enhanced responses to masked but at least partly visible direct-gaze faces is consistent with previous studies investigating gaze-related neural responses to visible faces. For example, in a gender-categorization task using foveally presented faces, FFA activity was stronger for direct versus averted gaze (George et al., 2001) . Similarly, the amygdala and STS elicit larger neural responses to direct-gaze faces (Kawashima et al., 1999; George et al., 2001; Pelphrey et al., 2004) . Using EEG, alpha band activity, which correlates inversely with vigilance, was found to be reduced and event-related potentials increased for direct versus averted gaze (Gale et al., 1975; Conty et al., 2007) . Concurrent with these earlier reports our findings support the notion that the behavioral prioritization of direct gaze, possibly due to increased deployment of attention, is reflected by enhanced neural processing (von Grü nau and Anston, 1995; Senju and Hasegawa, 2005) .
The special status of eye gaze information for behavior becomes particularly evident by observers' responses to gaze directions in relation to visual awareness: Others' eye gaze not only biases attention in the absence of awareness (Sato et al., 2007; Rothkirch et al., 2015) , but direct eye gaze also has the potency to enter awareness more readily than averted gaze (Stein et al., 2011; Chen and Yeh, 2012) . Although there is also neural evidence for unconscious processing of gaze direction from previous studies (Burra et al., 2013; Yokoyama et al., 2013) , such differential neural responses do not reveal the neural basis for the prioritized access of direct gaze to awareness. By keeping all stimulus parameters constant throughout our experiment, the trial-by-trial subjective experience of the face stimuli reflected the variation of internal representations, rather than the variation of stimulus properties (Hesselmann et al., 2011) . This allowed us to directly establish a link between neural responses and access to awareness as a function of gaze direction, independently of other stimulusrelated factors. Whereas we found greater neural responses for direct versus averted gaze when participants were aware of faces, we observed the opposite pattern for unaware faces. We surmised that this pattern might be accounted for by the differential effects of gazerelated neural responses on access to awareness. Indeed, behaviorally faces with direct gaze reached participants' awareness more often than faces with averted gaze, in line with previous research (Stein et al., 2011; Chen and Yeh, 2012) . Critically, we found that the behavioral sensitivity for direct gaze, indexed by a smaller proportion of direct-gaze faces that remained unconscious, was directly related to the reduced activity levels observed for direct gaze in unaware trials, especially in the FFA. Together with our trial-by-trial analyses showing that a greater proportion of direct-gaze trials reached awareness at similar levels of FFA activity, this suggests that the neural threshold for entering awareness is lower for direct than for averted-gaze faces. Neural signal increases in visual cortex as a function of awareness or stimulus recognition have been shown for a variety of visual stimuli (Grill-Spector et al., 2000; Bar et al., 2001; Moutoussis and Zeki, 2002; Pessoa et al., 2006) . Here we provided evidence that this relationship between neural activity and awareness is modulated by a physically subtle but socially highly relevant cue.
The observation that eye gaze modulates the relation between neural activity and awareness raises the question which mechanisms facilitate such access to awareness. One possibility is the existence of neuronal populations or brain regions that are particularly sensitive to the salience of direct gaze and exhibit enhanced responses even in the absence of awareness, thereby facilitating access to awareness at lower levels of neural activity in face-responsive brain regions. However, we found no evidence for such a mechanism, as no brain regions showed greater neural activity in response to direct versus averted face stimuli in unaware trials. Alternatively, there could be qualitative differences in the neural coding of eye-gaze directions in face-responsive brain areas. For example, the neural coding of direct versus averted gaze may be more efficient, e.g., through sparseness (Reddy and Kanwisher, 2006) . Such sparser coding may be associated with less metabolic cost and consequently lower BOLD signals, but at the same time ease the readout by other brain areas and thereby facilitate access to awareness (Guyonneau et al., 2004; Olshausen and Field, 2004) . However, such an interpretation must currently remain speculative.
The conclusions drawn from our current findings must naturally be limited to the domain of eye-gaze processing. However, our findings provide new insights into the low-level sensory mechanisms underlying the perception of socially relevant stimuli and may thus form the basis for a better understanding of the neural processes governing social interactions on a more general level. Moreover, the observation that highly relevant stimuli require less neural activity to enter awareness, as reported here for direct gaze, may reflect a general mechanism. Whether this mechanism extends to other domains involving ecologically relevant stimuli, e.g., those of emotional or motivational relevance is an intriguing question for future research. It should also be taken into account that our findings are based on the use of CFS, which is just one of several methods available in the laboratory setting to suppress visual stimuli from awareness. As pointed out previously, however, interocular suppression itself also occurs under natural viewing conditions (Arnold, 2011; O'Shea, 2011) , thus rendering the method ecologically relevant. Moreover, CFS is well suited and now widely used to measure the potency of visual stimuli to gain access to awareness (Gayet et al., 2014; Stein and Sterzer, 2014) and its use in the current fMRI study allows us to directly relate our neural findings to earlier behavioral reports (Stein et al., 2011; Chen and Yeh, 2012) .
In addition to CFS, our experiment comprised a control condition where faces were presented fully visible without CFS masks. This condition was included to verify activation in our ROIs to face stimuli. Whereas the presentation of visible faces led to substantial activations in these areas, gaze-specific effects in this condition were only detectable after substantially lowering the statistical threshold. Although the absence of differential effects at a more conservative threshold seems to be in conflict with previous work (George et al., 2001; Pelphrey et al., 2004; Schilbach et al., 2006) , critical differences between our and previous studies have to be noted. In our study, gaze directions were neither task-relevant nor were participants informed about them beforehand. Furthermore, we presented static faces, whereas the brain regions of the gaze-processing network respond more strongly to dynamic faces (Pelphrey et al., 2004; Schilbach et al., 2006) .
But why then did visible faces under CFS entail differential neural responses to eye gaze? Full visibility of face stimuli likely involves strong feedback signals from other brain areas, boosting activity in gaze processing regions. Because gaze direction only represents a minor, though relevant feature of the whole face, neural activity may predominantly be driven by holistic face processing. Thus, the absence of gaze-specific effects in trials without CFS masks may reflect a ceiling effect, where differences in eye gaze have a minor impact relative to the processing of the whole face. In contrast, the concurrent presentation of CFS stimuli may have mitigated the overall response strength through neural competition induced by interocular suppression, thereby increasing the sensitivity for subtle gaze-related neural response differences. It is important to note that our main finding in this study results from the comparison between aware and unaware trials with respect to differences between direct and averted gaze processing under CFS. Such a comparison cannot be performed in the no-CFS control condition due to the absence of unaware trials. Furthermore, our aim was to investigate the relationship between neural responses to gaze direction and access to awareness, rather than investigating differential responses to gaze under awareness. Thus, the absence of gaze-specific effects in the no-CFS condition which was only included to verify activation to faces in our ROIs does not weaken our main conclusion.
To conclude, we show that gaze direction modulates the relationship between neural activity and access to awareness. Critically, we were able to establish a link between neural responses to face stimuli and their access to awareness by showing that direct gaze, a salient social stimulus, requires less neural activity in faceresponsive brain regions to reach awareness than averted gaze.
